Previous research on the association between violence and biological stress regulation has been largely cross-sectional, and has also focused on childhood. Using longitudinal data from a low-income, high-risk, predominantly African-American sample (n = 266; 57 % female), we tested hypotheses about the influence of cumulative exposure to violence during adolescence and early adulthood on cortisol responses in early adulthood. We found that cumulative exposure to violence predicted an attenuated cortisol response. Further, we tested whether sex, mothers' support, or fathers' support moderated the effect of exposure to violence on cortisol responses. We found that the effect of cumulative exposure to violence on cortisol was modified by sex; specifically, males exposed to violence exhibited a more attenuated response pattern. In addition, the effect of cumulative exposure to violence on cortisol was moderated by the presence of fathers' support during adolescence. The findings contribute to a better understanding of how cumulative exposure to violence influences biological outcomes, emphasizing the need to understand sex and parental support as moderators of risk.
Introduction
Examining biological correlates of stress is useful when seeking to understand how exposure to risk influences developmental outcomes. The biological stress response is one mechanism of how contextual stress can get under the skin and subsequently lead to health problems. The hypothalamic-pituitary-adrenal (HPA) axis is the primary system mediating the biological stress response (Walker et al. 2011) , and HPA axis dysregulation is associated with poor health and mental health outcomes (Cohen et al. 2000; Herbert 2013; Sapolsky 1998; Sephton et al. 2000) . Exposure to violence is associated with both hyper-activation and hypo-activation of the HPA axis (Gunnar and Vazquez 2001; Rao et al. 2008) , and adolescents are particularly at risk of exposure to violence (Lambert et al. 2005 ). Yet, most studies in this area have been either crosssectional or retrospective, and many have focused on early child development. Although adolescents are often exposed to violence in community settings, less is known about how exposure to violence during adolescence and early adulthood relates to later HPA axis functioning. In the present study, we examined the longitudinal associations between exposure to violence during adolescence and early adulthood on cortisol responsivity in early adulthood.
Biological Stress Response
Cortisol, a hormone released by the adrenal gland in response to both physical and psychological stressors, is the most widely used indicator of HPA axis activation . When functioning normally, the HPA axis has a diurnal rhythm with an early morning cortisol peak and a decline in cortisol over the course of the day. The diurnal rhythm plays a critical role in maintaining physiological and metabolic homeostasis . Importantly, the HPA axis is also activated in response to stress. When an individual experiences psychological stress, the system produces cortisol, allowing the individual to act in response to a stress or challenge by activating a ''fight or flight'' response, thus encouraging arousal. When functioning normally, the HPA axis stops producing cortisol once the stressful experience has passed and cortisol returns to baseline (Chrousos and Gold 1992) . Thus, the HPA axis and the stress hormone, cortisol, play a key role in the maintenance and control of both resting and stress-related metabolic functions .
The terms stress responsivity and stress reactivity are sometimes used interchangeably to describe the threshold, dampening, and reactivation of biological arousal (Boyce et al. 1992 ). High reactivity (or hyperreactivity) refers to a greater activation of arousal with exposure to a stressor and a slower time return to baseline levels, whereas low reactivity (or hyporeactivity) refers to a lack of response after exposure to a stressor (Compas and Reeslund 2009; Gunnar and Vazquez 2001; Heim et al. 2000) . In the present study, we focus more on the role of stress responsivity, as this term more appropriately describes our study protocol.
Chronic Stress, Biological Stress Response, and Health
The biological stress response is proposed as a key mechanism through which psychosocial stress can affect health. Lower socioeconomic status, for example, is associated with higher levels of psychological stress, which ultimately influences the HPA axis and its regulation (Hackman et al. 2012) . The biological stress response may become dysregulated when an individual experiences chronic stressors beyond his or her control and lacks sources of support with which to mitigate the effects of such stressors (McEwen 1998; Miller et al. 2007; Yehuda et al. 1993) . Over time, the diurnal cortisol rhythm may become increasingly altered, such that basal cortisol levels are either atypically high or low (McEwen 1998; Yehuda et al. 1993) . Thus, although an increase in cortisol is adaptive when individuals are faced with acute stress, frequent and prolonged activation of this response is maladaptive (Sapolsky 1993 (Sapolsky , 1998 .
The attenuation hypothesis suggests that, under conditions of chronic stress, the HPA axis may adapt to prolonged hypersecretion of cortisol by downregulating, resulting in a period of hyposecretion (Trickett et al. 2010) . This adaptive mechanism is designed to decrease allostatic load; or the physiological damage caused by repeated mobilization of the stress response system, and occurs when the body must make repeated physiological adjustments to stressors in an effort to maintain homeostasis (Susman 2006) . Researchers have found, for example, that the stress response may become blunted when children are consistently exposed to consistent, high levels of contextual stress (Blair 2010) . This maladaptive biological stress response may increase vulnerability to health and mental health disorders (Miller et al. 2007 ).
Exposure to Violence and Biological Stress Response
Understanding how exposure to stress during adolescence shapes subsequent cortisol responsivity is an important, yet understudied question. Adolescence is a developmental period characterized by biological and hormonal changes, and the HPA axis develops and matures from childhood through early adulthood (Walker et al. 2001) . Adolescence is also a period characterized by changes in exposure to risk. Low-income adolescents are likely to experience multiple psychosocial stressors, including family conflict and exposure to community violence (McLoyd et al. 2009 ). Experiencing uncontrollable negative life events becomes more prevalent in early adolescence (around age 13) compared to childhood and continues to increase until youth reach adulthood (Ge et al. 2001a, b) . Stressful experiences are typically out of the adolescent's control, and thus may shape biological stress responses and influence later cortisol patterns. Thus, stressors experienced during adolescence may exert lasting influences on biological stress responses, as well as brain structures and functions (Walker et al. 2011 ). Further, adolescents and young adults living in violent communities may experience ''pathological adaptations'', which include a desensitization to violence (Garbarino et al. 2002) . In sum, the biological stress response may be one mechanism through which exposure to stressors influence negative neurobiological outcomes in both adolescence and early adulthood (Evans and Kim 2007) .
On the one hand, exposure to violence and contextual stressors is associated with elevated cortisol levels, and hyperresponsivity. Adolescents raised in poverty, who report high levels of perceived stress, for example, exhibit elevated basal cortisol levels (Brenner et al. 2012; Evans and Kim 2007; Pruessner et al. 1999; Schreier and Evans 2003) . Neighborhood disadvantage (Hackman et al. 2012 ) and exposure to violence (Peckins et al. 2012) are associated with increased reactivity in male adolescents (but not female). Abuse, trauma, and maltreatment are also associated with elevated cortisol levels (Rao et al. 2008) in both adolescents and adults. Although most people adapt quickly when exposed to minor, stressful events, some display longer lasting elevations in cortisol levels. This effect is typically interpreted as a chronic cortisol response, which causes damage over the long-term (Compas et al. 1989 ).
On the other hand, exposure to violence and contextual stressors is also associated with lower cortisol levels, and hyporesponsivity. Chronic family stress, cumulative contextual stress, and maltreatment during childhood and adolescence have also been associated with attenuated or blunted cortisol responsivity (Carpenter et al. 2009; Gunnar and Vazquez 2001; Roy 2004; Susman and Dorn 2009 ). In addition, researchers who have studied African American adolescent boys reported that witnessing violence and experiencing victimization were linked to lower baseline cortisol levels (Dulin-Keita et al. 2010; Kliewer 2006) . Adolescent boys reporting chronic exposure to high levels of stress also exhibit cortisol hyporeactivity (Moss et al. 1999) , providing further evidence for the habituation hypothesis. Finally, children and adolescents with both conduct disorder and depression are more likely to exhibit hyporeactive stress patterns when presented with a stressful task (Fairchild et al. 2008; Hankin et al. 2010 ), suggesting that high-risk groups may be more likely to exhibit such reactivity. Although exposure to violence during adolescence and early adulthood is associated with concurrent cortisol profiles (Gunnar and Vazquez 2001; Rao et al. 2008) , the direction of these findings remains inconclusive.
Parental Support
Parent-adolescent relationships remain important social and emotional resources extending beyond childhood (Collins and Steinberg 2006) . Supportive parent-adolescent relationships provide stability within the dyad, and function similarly to those for children. Across childhood and adolescence, parents serve as a secure base for exploring the environment safely. Adolescents who perceive their parents as supportive typically exhibit better psychosocial adjustment (Kamptner 1988) , and also engage in less health-risk behaviors (Steinberg 2001) .
Parents serve an important role in both buffering and exacerbating the effects of extrafamilial stressors on mental health outcomes (Laursen and Collins 2009; Wills and Cleary 1996) . The role of parental support may also be more pronounced in high-crime neighborhoods, as youth have more opportunities for exposure to risk outside of the home (Leventhal et al. 2009; Tolan et al. 2003) . Thus, it is important to consider the potential moderating role of parental support in buffering risk from exposure to violence on the biological stress response. Specifically, we consider mothers' and fathers' support as potential moderators of the exposure to violence-cortisol association. We hypothesize that parental support during early adolescence will buffer risk from exposure to violence, thus promoting the development of an adaptive stress response.
Sex Differences
Researchers have reported sex differences in HPA axis functioning, yet the direction of these findings remains inconclusive. In many studies, males demonstrate greater increases in cortisol compared to females in response to contextual stress (Kudielka and Kirschbaum 2005; Peckins et al. 2012; Vigil et al. 2010) . In adolescent boys, this finding might be due to boys engaging in more risk-taking behavior (Macpherson et al. 2003 ). Yet, adult men also demonstrate greater increases in cortisol in response to psychological stress, suggesting a lasting sex difference across developmental periods (Peeters et al. 2003) .
Conversely, adolescent girls may have heightened stress sensitivity, thus increasing their risk for developing internalizing disorders when exposed to contextual stress (Natsuaki et al. 2009; Peeters et al. 2003; Shih et al. 2006) , indicating that stress may actually be more damaging for females. Furthermore, the findings from the Moving to Opportunity program revealed that adolescents girls who moved to less violent neighborhoods exhibited fewer mental health problems (e.g., distress, anxiety, substance use, and delinquency), while their male counterparts did not exhibit such changes due to the program (Leventhal et al. 2009 ). These results suggest that adolescent girls may be more sensitive to the effects of neighborhood exposure to violence, compared to adolescent boys, and may also be more likely to internalize contextual exposure to risk. In sum, we still need a better understanding of sex differences as they relate to the link between exposure to violence and biological stress responses.
Previous research has focused on the environment of poverty more broadly, and on the effects of cumulative contextual exposure to risk. Although we know that chronic exposure to stress during childhood is associated with adverse cortisol profiles, less is known about the specific role of violence, particularly during adolescence and early adulthood. Yet, exposure to violence may be particularly detrimental to the regulation of cortisol, as such exposure may generate chronic, pervasive fear of the threat of violence (Martinez and Richters 1993) . Exposure to violence during adolescence may also be particularly critical, as this is a developmental period when children are spending increasingly more time outside of the family context, and are engaging more in their communities. Further, rates of both witnessing violence and violent victimization continue to increase from adolescence to early adulthood, making both periods especially salient for studying the effects of chronic exposure to violence (Scarpa 2003) . Thus, we examine whether exposure to violence during adolescence and early adulthood provides a unique effect on cortisol, against the backdrop of chronic contextual stressors, which are often experienced by our Flint-based participants.
We must also consider the role of potential moderators, in order to determine what types of factors protect (or harm) adolescents exposed to violence from developing dysregulated cortisol responses. As adolescence is a critical period characterized by changes in biology and contextual stressors, we focus on the influence of moderating factors during adolescence on biological outcomes in early adulthood. Previous research on stress regulation has also been largely cross-sectional, which limits researchers from investigating the neurobiological consequences of exposure to violence, rather than the co-occurrence of such. This longitudinal approach also allows us to better understand the complex nature of the impact of exposure to violence across developmental periods.
Current Study
We focused on a sample from a highly disadvantaged area, thus likely to be exposed to higher levels of violence and contextual stress, compared with a normative sample. First, we examined whether cumulative exposure to violence (violence victimization and witnessing violence) across adolescence and early adulthood predicted cortisol responses in early adulthood. Based on previous findings, we hypothesized that cumulative exposure to violence during adolescence would be associated with a hyporesponsive cortisol pattern in early adulthood. Specifically, participants exposed to violence were predicted to exhibit signs of an attenuated stress response. We also tested interactions to determine whether the associations between exposure to violence predictors and cortisol were moderated by sex, mother support, or father support. We hypothesized that girls exposed to violence would exhibit a more attenuated cortisol patterns in response to a stressful task. Further, we hypothesized that parental support during early adolescence would buffer the negative effect of exposure to violence on cortisol outcomes. Specifically, we predicted that parental support would promote adaptive cortisol patterns in participants exposed to violence.
Study Context
The present study participants were recruited from Flint, Michigan. In the past, Flint was a prosperous metropolitan area due to the manufacturing jobs provided by General Motors factories. Yet, since 1970, Flint has lost over 70,000 auto industry jobs, and now has one of the highest unemployment rates in the US (United States Bureau of Labor Statistics 2013). Flint also has the second highest rate of violent crime in the country (US Department of Justice 2012). Due to Flint's notable economic decline and high rates of violence, our sample is likely to have experienced higher rates of contextual stressors, compared to a normative sample. Thus, in this study, we focus on an understudied, at-risk population with regards to exposure to risk and cortisol.
Methods

Participants
We analyzed data collected as part of an ongoing longitudinal study of youth, at risk for high-school dropout . Participants were recruited from the 9th grades of the 4 public high schools in Flint, Michigan, and were followed into early adulthood. To be eligible for the study, participants had to have a grade point average of 3.0 or below at the end of 8th grade. Participants were not selected for participation if they were diagnosed by the school as having either emotional or developmental impairments.
The present study included 266 participants who had cortisol data and data on our study variables across waves 1-7. The cortisol collection procedure is described in detail below. Participants were between ages 13.9 and 16.9 years at wave 1 (mean = 14.9; SD = .64) and between ages 21.9 and 24.3 years at wave 7 (mean = 22.1; SD = .66). We measured demographic variables at wave 1, as such measures were only collected at baseline and are assumed to be stable over time. We assessed cumulative exposure to violence across waves 1-7, as rates of victimization and exposure to community violence are typically highest during adolescence and early adulthood (Kracke and Hahn 2008) . In addition, we focused on cortisol at wave 7, as this wave of data represents the transition to early adulthood. In addition, early adulthood is also a developmental period when the brain begins to reach maturity, and biological changes begin to decrease (Steinberg 2008 
Procedure
This study received approval from both the University of Michigan's Institutional Review Board (UM-IRB # H03-0001 309) and from the school staff where data were collected. Participants completed structured face-to-face interviews, conducted by trained interviewers. Interviews averaged 60-min in duration. Self-report questionnaires (paper-and-pencil format) were administered following the interview to collect information about alcohol and substance use, sexual behavior, and other sensitive topics. Participants who were not enrolled in school were interviewed at home or in a location specified by the participants. In years following high-school completion, participants were also interviewed at home or in another specified location.
Cortisol Collection
We collected saliva samples for cortisol assay at three designated time points during wave 7 interviews. Following all consent procedures, respondents rinsed their mouths with water. For each sample, participants collected saliva in their mouths for one minute, and then exporated slowly through a stray into a cryotube. All participants were also interviewed after 11:00 a.m. to control for changes due to diurnal rhythm. The first saliva collection was taken approximately 10 min after the interview process (e.g., consent procedures) had begun, reflecting the participants' baseline state prior to the start of the substantive interview. The second saliva collection was taken at the interview mid-point, approximately 22 min after the first collection. The third and final collection took place at the end of the interview, approximately 30 min after the second collection. Finally, the saliva samples were placed on ice and refrigerated until transport to an -80°F freezer for storage. Saliva was only collected from those participants who reported no food or drink or tobacco in the previous hour. Participants with blood protein contamination greater than 3 mg/DL were excluded. The pregnant participants were also excluded, as their samples were significantly higher than the rest due to hormonal changes.
Cortisol was specifically assessed by high sensitivity salivary cortisol enzyme immunoassay by Salimetrics, Incorporated. The saliva samples were thawed and centrifuged at 1,500 rpm for 15 min before assay. The assay follows standard enzyme immunoassay procedures as previously described (Klimes-Dougan et al. 2001 ). The intra-and inter-assay coefficient of variations ranged from 3.88 to 7.12 % and 6.69 to 6.88 %, respectively. The lower limit of sensitivity of this assay is .007 lg/DL .
Measures
Cortisol
We utilized salivary cortisol as our measure of the stress response, as it reflects the free portion of cortisol in plasma recommended by many researchers (Kirschbaum and Hellhammer 1989) . The saliva was collected during wave 7 at three points during an in-person paper-and-pencil interview concerning sensitive information (e.g., substance use, sexual risk behavior, violent behavior, and discrimination). Such questions were thought to be somewhat stressful for participants, based on their sensitive nature. Cortisol values were log transformed to reduce the skewness of the distribution. To make the repeated measurements of salivary cortisol more useful, we assessed the cortisol response by calculating area under the curve with respect to increase [AUC (I)]. This allowed us to assess changes in cortisol secretion over time (Fekedulegn et al. 2007) .
Cumulative Exposure to Violence (ETV)
Cumulative ETV was calculated by standardizing each subscale (witnessing violence and violence victimization) across each wave (waves 1-7), and adding scores to represent cumulative exposure to violence across adolescence and early adulthood. The specific subscales are described in detail below.
Violence Victimization
Victimization was measured with 3 items (Cronbach's alpha = .60). The participants were asked to report the frequency of experiencing events over the last 12-months. The response options ranged from 1 (0 times) to 5 (4 or more times). The participants reported how often they had ''someone threaten to hurt you'', ''someone physically assault or hurt you'' and ''someone take something from you using physical force''. Victimization was assessed at waves 1-7.
Witnessing Violence
Witnessing Violence was measured with 2 items. The participants were asked to report the frequency of experiencing events over the last 12-months. The response options ranged from 1 (0 times) to 5 (4 or more times). The participants reported how often they had ''seen someone commit a violent crime where a person was hurt'', and ''seen someone get shot, stabbed or beaten up.'' Witnessing was also assessed at waves 1-7.
Mother and Father Support
Mother and father support were each measured with 5 items (Cronbach's alpha = .88-.94, for mother and father support respectively) from the Parental Support Scale (Procidano and Heller 1983) . The participants were asked the extent to which they endorsed statements about their relationships with their mother and father (assessed separately). Response options ranged from 1 (not true), to 5 (very true). The scale was designed to assess emotional support, problem solving and moral support from parents. The participants reported whether, ''my mother (or father) enjoys hearing about what I think'', ''my mother (or father) is good at helping me solve problems'', and ''I rely on my mother (or father) for moral support''. Mother and father support were assessed at wave 2.
Control Variables
First, we controlled for interview start time in order to reduce potential confounding related to diurnal changes in cortisol. Next, in order to reduce potential confounding due to race, we controlled for race assessed at wave 1. The participants were asked to self-identify their race.
Race was re-coded as a binary variable such that 0 = White and Mixed Race and 1 = African American. As males are more likely than females to be exposed to violence (Singer et al. 1995) , we also controlled for sex in the initial analyses, and examined sex as a moderator in later analyses. Sex was coded such that 0 = Female and 1 = Male.
Analytic Strategy
We conducted a hierarchical regression analysis to examine the unique contributions of cumulative exposure to violence, mother support and father support to cumulative exposure to violence. At each step in the analysis, we also examined the contribution of participant race, sex, and interview start time to reduce potential confounding. All three covariates were initially entered into all regression equations at step 1. Next, we examined the effect of cumulative exposure to violence at step 2. At step 3, we examined the direct effects of mother and father support. At step 4, we introduced the interaction terms testing mother support and father support as moderators of the association between cumulative exposure to violence and cortisol responses. In step 5, we tested the interaction between sex and cumulative exposure to violence to examine whether the link between exposure to violence and cortisol was moderated by participant sex. In step 6, we tested a three-way interaction between exposure to violence, father support, and sex in order to examine whether the two-way interaction observed between cumulative exposure to violence and father support was modified by sex. Finally, we centered our predictors and moderators in order to probe the interactions further. The significant interactions were also graphed in order to facilitate meaningful interpretation.
Results
Preliminary Analyses
Means and Standard Deviations
The means and standard deviations for all key study variables are presented in Table 1 .
Intercorrelations
After calculating descriptive statistics, we examined bivariate correlations among the study variables (see Table 2 ). Correlation analyses revealed that most of the associations were non-significant. The associations that were statistically significant were typically small, suggesting few issues of overlap. We also examined collinearity statistics, and all tolerance statistics were over 0.40, indicating no major issues with multicollinearity (Cohen et al. 2000) .
Attrition Analyses
In order to address issues related to attrition across the seven waves, we conducted t-tests comparing participants in wave 1 to participants in wave 7 on all demographics and key study variables (e.g., race, sex, mother support, father support, violence victimization, and witnessing violence). Participants differed based on demographic variables (sex and race), yet there were no significant differences based on grouping by parental support variables or exposure to violence variables. The independent samples test results for sex and race were t = 2.97, p \ .05, and t = -2.02, p \ .01, respectively. Thus, despite sample attrition, we found no evidence that attrition influenced the representativeness of the parental support or exposure to violence variables.
Main Effects
Main effects and interaction findings are reported in Table 3 . Results from step 1 indicated no significant associations between interview start time, race, and sex, with cortisol responses; this model was also non-significant. Introducing cumulative exposure to violence in step 2 resulted in improved model fit. Further, cumulative exposure to violence was negatively association with cortisol area under the curve with respect to increase. Introducing mother and father support in step 3 improved the fit of the model further and resulted in a significant overall model fit.
In step 3, we found a trend towards significance for cumulative exposure to violence, mother support, and father support (p \ .10) as direct effects.
Interactions
In step 4, we examined two 2-way interactions between mother support, father support, and cumulative exposure to violence. The interaction between mother support and cumulative exposure to violence was not significant in predicting cortisol. Yet, the interaction between father support and cumulative exposure to violence was indeed significant. Thus, the association between cumulative exposure to violence and cortisol responses varied based on the level of father support. We grouped father support by tertiles in order to probe the interaction further. A graphical illustration of this interaction is shown in Fig. 1 . A simple slopes analysis revealed that at low levels of father support, cumulative exposure to violence was associated with a steeper decline in cortisol (e.g., a more attenuated cortisol response) (b = -.27; t(256) = -3.02, p \ .01). The Step 2: Cumulative exposure to violence (ETV) Cumulative ETV -.15* -.11 ? -.38 -.17 .28
Step 3: Parental support Mother support .12 ? .13* .12 .12
Father support .11 ? .11 .12 .09
Step 4: ETV 9 Parental support interactions ETV 9 Mother support -.01 -.08 -.56
ETV 9 Father support .31* .33* .36*
Step 5: ETV 9 Sex interaction ETV 9 Sex -.20* -.72*
Step 6: ETV 9 Sex 9 Father support interaction ETV 9 Sex 9 Father support .15
Model 1 Graphical representation of interaction between cumulative exposure to violence and father support interaction finding was not significant at high and moderate levels of father support, however.
In step 5, we also found that sex moderated the effect of cumulative exposure to violence on cortisol (see Table 3 ). We probed this interaction further in order to facilitate interpretation of the results (see Fig. 2 ). After analyzing simple slopes, we found that the simple slope for males was negative and significant (b = -.17; t(258) = -2.52, p = .01). This interaction finding suggests that males exposed to violence exhibit a more attenuated cortisol response compared to females; in fact, for females the exposure to violence interaction was not significant. Further, the interaction between exposure to violence and father support remained significant even after accounting for variance explained by the exposure to violence and sex interaction. Including the interaction between cumulative exposure to violence and sex resulted in a significantly improved model fit.
Given the significant two-way interactions we found, we tested an exploratory three-way interaction between father support, sex, and exposure to violence in step 6. The final model did not improve the overall model fit, nor was the three-way interaction a significant predictor of cortisol.
Summary of Findings
Cumulative exposure to violence assessed across waves 1-7 was associated independently with cortisol area under the curve with respect to increase at wave 7; specifically, exposure to violence was associated with lower cortisol values, indicating an attenuated cortisol response. Next, we examined interactions and found that lack of father support during adolescence exacerbated the effects of exposure to violence on cortisol responsivity. At low levels of father support, exposure to violence was more strongly associated with an attenuated cortisol response. In addition, we found that sex modified the association between cumulative exposure to violence and cortisol AUC (I). Contrary to our hypotheses, males exposed to violence produced less cortisol during the course of the interview compared with females. Finally, we examined an exploratory three-way interaction in order to determine if our finding for the role of father support differed by sex. We did not find evidence of such an effect.
Discussion
We still need a better understanding of the influence of cumulative exposure to violence on cortisol responses, particularly during developmental periods of adolescence and early adulthood. Furthermore, we know even less about the roles of parental support and sex in modifying such associations. Considering the importance of understanding the effects of exposure to violence on cortisol patterns, along with identifying potential moderators, we focused on associations between the aforementioned constructs in the present study.
In the present study, we examined the role of cumulative exposure to violence during adolescence and early adulthood predicting cortisol responses in early adulthood. Our findings indicated that exposure to violence was indeed associated with cortisol responses over time. Specifically, we found that exposure to cumulative exposure to violence was associated with an attenuated cortisol response, a finding that was particularly salient for males. We also found that the effect of cumulative exposure to violence was moderated by fathers' support, indicating that lack of fathers' support during adolescence served as a risk factor for participants exposed to violence. Thus, we found evidence for the long-term neurobiological effects of cumulative exposure to violence on cortisol responses, moderated by both participants' sex and fathers' support.
Our findings emphasize the importance of identifying contextual risk factors that may alter cortisol responses across time, further emphasizing the need to understand how these processes operate in a high-risk sample. Our findings also underscore the role of participants' sex and fathers' support during adolescence in modifying such associations. The present study expands on previous research concerning the influence of exposure to violence during childhood by focusing on periods of adolescence and early adulthood. We focus on a high-risk sample from Flint, Michigan, a sample experiencing more chronic violence than a normative sample. To date, few researchers have examined moderators of the link between exposure to violence and biological outcomes. Our finding for the role of father support in exacerbating maladaptive cortisol functioning has important implications.
Exposure to Violence, Cortisol, and Sex Differences
Our findings indicate that cumulative exposure to violence may have long-term neurobiological effects; specifically we point to an attenuated cortisol response. This type of decreasing cortisol profile in response to a stressful situation is consistent with the attenuation hypothesis, which suggests that, although it may initially increase with repeated exposure to chronic stressors, stress responses may initially increase with repeated exposure to chronic stressors, it may decrease over time as a protective mechanism, and future stress responses may be subsequently altered (Gunnar and Vazquez 2001; Susman 2006) . Thus, youth exposed to chronic exposure to violence during adolescence may develop desensitization as a (mal)adaptive mechanism. We speculate that this hyporesponsive pattern in early adulthood may have emerged from a hypperresponsive pattern throughout childhood and adolescence. Specifically, adolescents who display cortisol hyperresponsivity in response to stressful tasks may develop a dysregulated stress response as they are exposed to more violence over time. Thus, this hyporesponsive pattern may indicate a cortisol response system that has become less and less capable of adaptively coping with stress, ultimately resulting in HPA-axis suppression derived from this cumulative exposure to violence. In order to examine the role of sex in modifying the effect of cumulative exposure to violence, we tested this interaction and found that the attenuation effect was most pronounced for males. This finding indicates that adolescent boys who face extensive contextual adversity, as reflected in our cumulative exposure to violence measure, may have been likely to experience chronic HPA axis arousal with little chance for recovery of the system. This chronic HPA axis arousal during adolescence could result in the system burning itself out over time, thus impairing the individual's ability to mount a cortisol response (McEwen 1998) . Sustained hyperresponsivity in adolescent boys exposed to violence may also lead to a hyporesponsive cortisol pattern by the time they reach early adulthood. Finally, our findings regarding the attenuated cortisol response in adolescent boys exposed to violence may shed unique light on sex differences and adolescent development, particularly in terms of coping with exposure to violence.
Parental Support
Social support is a powerful mechanism that can protect against the negative effects of exposure to stress by providing a child security and predictability, despite adverse circumstances. For children, a secure attachment relationship with a primary caregiver can moderate the association between negative life events and cortisol responses, providing an important buffer (Nachmias et al. 1996) . In adolescents and young adults, however, this association has not been examined. Interestingly, we did not find evidence that social support from mothers during adolescence buffered the effect of exposure to violence on cortisol responses. Yet, we did find evidence for the role of father support in moderating the deleterious effect of exposure to violence. Specifically, low levels of father support during adolescence were found to exacerbate the attenuation effect from exposure to violence.
Although previous studies have shown that fathers' involvement is associated with positive developmental outcomes (Lamb and Tamis-Lemonda 2004) , less is known about the role of fathers in shaping the stress response. Researchers have shown an association between fathers' negativity and cortisol responsivity in infants and toddlers (Mills-Koonce et. al. 2011 ); yet, the specific role of fathers' support during adolescence and early adulthood has not yet been examined. Further, the presence of fathers' support may be most beneficial for adolescents and young adults living in disadvantaged, stressful contexts (Kruger et al. 2014) . Our findings underscore the critical importance of fathers' support in promoting adaptive HPA-axis functioning for youth exposed to violence.
An indirect explanation for our finding may be that lack of fathers' support increases the emotional and psychological stress experienced by mothers (Cabrera et al. 2000) , which is likely to detrimentally influence stress regulation in children. In addition, lack of support from fathers may signal a lack of paternal investment to youth, thus contributing to maladaptive cortisol functioning. Conversely, the presence of father support may reduce the perceived threat or fear of violence in adolescents exposed to violence. Thus, support from fathers may reduce the subjective impact of exposure to violence, by providing youth with a safe, consistent base. Taken together, these findings contribute to a better understanding of the complex role that fathers can plan in adolescent and early adulthood development by improving cortisol functioning.
Disadvantage
As previously noted, our sample was recruited from a community exposed to particularly high rates of disadvantage and violence. We know that adolescents who live in disadvantaged neighborhoods are more likely to be exposed to chronic contextual stressors (Latkin and Curry 2003) including violence. Such adolescents are also more likely to exhibit poor stress regulation patterns. Stress responsivity has also been linked to a multitude of health problems (e.g., immune suppression, cancer, cardiovascular problems) (Brenner et al. 2012; Chandola et al. 2006) and mental health problems (e.g., aggression, antisocial behavior, depression) (Dockray et al. 2009; Ge et al. 2001a, b; McBurnett et al. 2000) . Unequal exposure to contextual stressors contributes to health and mental health disparities (Bobak and Marmot 1996; Dohrenwend 2000) . Thus, the alteration of biological processes in response to exposure to chronic stressors may be central in understanding health disparities and also in designing prevention programs to reduce the impact of contextual risk on negative neurobiological outcomes.
Limitations
Several limitations of our study require attention. First, we relied on self-report data for all of our exposure to violence and social support measures. Although self-report may reduce variance because of the potential for social desirability, our findings were fairly consistent with theory and previous research, suggesting that the results are not completely explained by response bias.
Second, it is important to note that, although it may have provoked a moderate degree of psychological stress, our interview was not designed to elicit acute physiological stress. Thus, we did not assess cortisol responses to acute stress in the current study, but rather responses to a moderately stressful task. Cortisol dysregulation does indeed happen in response to minor stressors, however (Graber and Sontag 2009) . In fact, chronic cortisol responses to daily stressors, which may cause damage over the long term, are suggested when cortisol levels remain attenuated (Compas et al. 1989) . It is also important to note that cortisol is mobilized when individuals are effortfully engaged in a task (D'Angiulli et al. 2012; Tops et al. 2006) ; thus, an attenuated response over time may reflect a lack of engagement in the interview, which may be interpreted as a maladaptive, withdrawn behavior. Finally, our rates of responsivity are similar to that reported in previous research (Dockray et al. 2009; Schmeelk-Cone et al. 2003; Susman 2006 ), suggesting consistency with other studies.
In the present study, we analyzed seven waves of data, collected across 9 years. Although the longitudinal nature of this study can be interpreted as a strength, one limitation to be noted is that not all constructs were available across all waves. Specifically, cortisol was only measured during waves 6 and 7; we chose to analyze cortisol data from wave 7 as allowed us to maximize the longitudinal nature of our study. Further, mother and father support were not assessed separately until wave 2; subsequently, we chose to analyze wave 2 data as it was the earliest wave of mother and father support data available. This allowed us to capturing parental support during a critical period of adolescence.
Future Directions and Prevention Implications
Future research on sex differences in the association between exposure to violence and biological outcomes remains useful. We still need a better understanding of how to promote positive developmental outcomes in adolescents and young adults exposed to chronic violence. Understanding how sex and parental support influence the association between exposure to violence and biological outcomes would also allow us to effectively design prevention programs to promote adaptive stress regulation in youth exposed to violence.
Prevention programs designed to target both parents and youth may be particularly effective. Parents' ability to cope with traumatic events strongly predicts their children's reactions to contextual stressors (Garbarino et al. 2002; Zahr 1996) . Thus, teaching both parents and their children how to adaptively cope with stress may help them to maintain a better homeostatic balance when faced with stressful situations. In addition, there is a notable association between parent-child attachment and HPA axis functioning, which has prevention implications. In fact, relational interventions that encourage parent-child attachment may enhance children's abilities to regulate cortisol (Dozier et al. 2008) . Family interventions that encourage parents to provide warm, supportive, responsive care for their children may encourage adaptive cortisol functioning. In addition, the present findings underscore the role of weak father support in potentially exacerbating risk from exposure to violence. Thus, intervening at the familylevel may be a particularly salient context to protect youth from developing maladaptive stress responses.
In addition, individual-level programs designed to promote emotional regulation and mindfulness may be helpful in regulating cortisol. Mindfulness training and emotion regulation programs have been shown to improve cortisol regulation in those exposed to trauma (McCraty et al. 1998; Smith et al. 2011) . Thus, programs designed to promote emotion regulation and mindfulness may improve coping skills in the face of adversity and stress, ultimately improving cortisol functioning.
Perhaps the most significant contribution of our study is the demonstration of persistent, noxious effects of chronic exposure to violence for youth raised in a disadvantaged, urban environment. Parental support is typically a salient buffering resource for youth, and we found additional evidence for the role of fathers' support in exacerbating risk for youth in our sample from the effects of exposure to violence. Future research examining other individual assets or social resources that help male adolescents overcome the detrimental consequences of exposure to violence is needed. We also need a better way of identifying those youth who are exposed to violence early on, in order to provide them with the necessary programs and services. As many adolescents are exposed to violence within their neighborhoods, families and schools may be effective contexts for identification of those exposed to violence (Garbarino et al. 2002) .
Conclusion
We found evidence for the influence of cumulative exposure to violence during adolescence and early adulthood on cortisol responsivity in early adulthood. Focusing on a uniquely high-risk sample, we found that participants exposed to chronic violence demonstrate signs of an attenuated stress response. Our findings also indicate that the attenuation effect of exposure to violence on cortisol responsivity was more relevant for males. In addition, lack of father support during adolescence served a detrimental role in contributing to maladaptive cortisol functioning. Thus, our results suggest that chronic exposure to violence can have lasting deleterious effects, which include physiological consequences. Prevention efforts designed to prevent maladaptive cortisol regulation in populations exposed to high rates of violence would be useful. Research is also needed to understand why exposure to violence during adolescence may be more detrimental to boys, compared with girls. developmental transitions, social exclusion and ostracism, issues of gender and sexuality, and longitudinal methodology. His current projects examine the social determinants of health and risk behavior in adolescence and emerging adulthood. Dr. Heinze earned his Ph.D. in Educational Psychology from the University of Illinois-Chicago. 
